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Abstract 
3D geological modeling has involved the complexity of two aspects: data and models. 3D geological modeling of the 
tunnel project real environment needs to fully abstract data, the entity model needs to be decomposed into the geometric 
model, property model, and the relationship of geological structure between tunnel engineering geological body and the 
surrounding geological body needs to know. The paper has researched and analyzed the process and method of the tunnel 
engineering geological body modeling, and the conclusion has shown that the 3D modeling based on the overall tunnel 
engineering geological body is more suitable for the real environment; its effect of modeling is obviously superior to the 
simple superposition of the general geometric modeling and property modeling. 
© 2012 P ublished by Elsevier B.V. 
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1. Introduction 
In recent years, with the development of science and technology and information industry, engineering 
geology has gradually been moving forward to the direction of integration and digitalization. And 3D 
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visualization geological body modeling technology is an important aspect of the digitalization, and it has also 
been one of the topics at the forefront in the geological studies. Its 3D technology is the development of true 
3D geographic information system applications and research, and it is 3D visualization technology in earth 
sciences supportive for human beings to reveal the underground world, and it has become one of the most 
effective techniques to model 3D modeling of the geological bodies (including: formation lithology, 
geological structure, etc.) and reconstruct the 3D geotransects in the virtual circuit tunnel projects. It has taken 
full advantage of the true 3D geographic information system (3D-GIS) technology, based on visualization 
techniques, centered on the issues in earth sciences, the scientific explanations on the issues in earth sciences 
have been obtained through the combination of the logical thinking and thinking in images of geosciences 
experts with dynamic feedback to the information. In the geological field, due to the diversity and complexity 
of the geological structure, and severe shortage of the actual information, virtual technology and human-
computer interactive technology have seemed particularly important compared to other underground areas in 
the modeling process. 
2.  3D geological modeling process for tunnel project 
From the perspective of the 3D modeling of the tunnel project, the tunnel project is the structure 
constructed in the natural soil layer, which is closely related to geological conditions from site selection to a 
specific design until the completion of construction. The surrounding geological conditions must be fully 
taken into consideration so as to realize 3D modeling of the tunnel project. The conditions include rock 
formations, geological structure, and attitude of rocks, degree of fracture development and degree of 
weathering, the depth of the tunnel and its relationship with topographical relief, ground water level, 
geothermal and harmful gases, with or without bad geological phenomena and their impact. So the solutions to 
the geological problems in the modeling process are as follows: (1) the selection of tunnel location and hole 
location; (2) with or without groundwater, geothermal or harmful gas; (3) the stability of tunnel surrounding 
rocks. 

Figure 1: Flow diagram of tunnel geological engineering 3D modeling 
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3. Multi-source geological data generalization and data fusion 
3D geological modeling belongs to the research category of the 3D GIS and 3D is an extension of 2D. The 
geographical entities in 2D are abstracted as point, line, and surface, the geographic entities in 3D are 
abstracted as point, line, surface and volume. What we should pay attention to is that the process of abstraction 
of the geographic entities in 2D is supported technically by the cartography specialized algorithm, while the 
research is rare in the process of abstraction of 3D GIS geographic entities.  
In the modeling process, the abstraction of the geographical entities is often ignored, especially when a 
variety of precision data modeling is involved. It is unreasonable to abstract and process it in the absence of 
modeling, which makes it difficult to estimate the accuracy of 3D model. 
Therefore, by means of scientific abstract form and selection and generalization, the complex geological 
modeling should draw lessons from the comprehensive thinking of 2D cartography so as to process the multi-
source modeling data and establish the 3D model which can accurately reflect the types of features and typical 
characteristics of geological objects. This is because the realistic and immersive effects pursued by 3D 
geological modeling and virtual reality are essentially different. Our purpose is not to build the data model 
which is infinitely complex, infinitely close to the reality of the geological conditions, but to build the 
numerical model with a certain degree of abstraction, which can meet the needs of geological staff’s analysis 
and application. It is also a driving force behind the 3D geologic modeling. 
Data standardized processing must be carried out before the 3D modeling, namely generalization and 
second explanation of geological data on the drilling, seismic, or electrical method section, tectonic map in the 
process of geological exploration. Professor Pan Mao from Peking University and et al summed up the three-
multi" modeling ideas of the 3D geological modeling: multi-source data – multi-method integration - multi-
level intervention. Therefore, the multi-source geological data must be normalized before modeling, that is, 
data generalization. 
Data generalization is generally conducted by the geologists who classify the consolidation of the 
geological body according to the specific geological requirements such as: physical and mechanical properties 
of the same geological age or geological bodies. The generalization of data is consistent with the work habits 
of the traditional geological industry, and the processed data can meet the requirements of the 3D modeling. 
The process of data generalization can be carried out automatically by a computer and the program design 
ideas are as follows: Given threshold of minimum stratification, when the maximum thickness of a soil layer 
is less than this threshold, ignore this layer, then merge the layer into its upper or lower layer; When the 
maximum thickness of a soil layer is greater than this threshold, the stratification should be retained; Finally, 
the computer will automatically do the re-stratification. The method of minimum stratification threshold 
simplified the process of data generalization, but there are also some limitations of the application. In the 
tunnel geologic engineering analysis, some geotechnical layers with relatively small scale should be ignored 
according to the minimum layered threshold value method, but from the perspective of professional analysis 
(such as weak interlayer has an important impact in terms of the aquifer, the lens, etc.) they should be 
maintained by setting a special identification mark. 
Figure 2: contrast of profile generalizability before and after treatment. It can be seen from Figure 2 (a) that 
on the section, the geological structure is complex, geotechnical layer is too much and too slender, the 
relationship of layer and layer is not clear, the lens are small and more, local rock layer appear the jagged state; 
it can be seen from Figure 2 (b) that after the generalized treatment (by age, lithologic, and thickness and other 
rules), the contact relationship of the main geotechnical on the macro-layer has been outlined, highlighting the 
subject with clear contact relationship, which is conducive to the next step in the 3D modeling work 
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 
(a) Original profile                                                               (b) the generalized profile 
Figure 2: Generalized treatment of the profiles 
4. 3D geometric modeling of the tunnel project 
Tunnel engineering is basically the same with underground pipeline in geometric modeling method of 3D 
visualization; the differences are only the sectional forms and different sizes. Tunnel 3D geometric model is 
displayed with the TIN so as to facilitate the display of the data structure of the tunnel, the rapid visualization 
and topology queries, volume, area calculations and other spatial analysis operations. The TIN can be used as 
triangulation grid of the tunnel to do the surrounding rock mechanics analysis. Tunnel 3D geometric model 
can be easily overlaid with geometry, properties and other structures of the 3D geological body for the 
numerical simulation of 3D visualization of the tunnel geological engineering. 
Tunnel modeling has employed the idea of 3D geometric model based on the slice by using cross-section as 
a reference surface so that the center axis can move along the pipeline, setting a model and processing the 
corners. Cross-section coordinates on the central axis are obtained by the method of “four-tuple 
transformation”. It can be seen from the “four-tuple transformation” principle that the most important thing is 
to get “initial position "and" goal orientation ". Every time a cross-section uses the above section in upward 
direction (that is, the normal direction) as the initial direction, through the obtained process of the above 
section, when the upward direction of the first line of the section is known, what we need to obtain is "the 
upward direction of the target section ". 
The number of the node at the center axis corner in the tunnel has determined the need for interpolation to 
get a target cross-section. 
 (1) There is more than one node at the central axis corner (shown in Figure 3), if a bending effect can be 
formed through direct connection, a cross-section can be built at each node to store the corresponding 
separated points at the cross section, namely a tunnel can be built. A cross-section is built only at each node, 
then to find the normal vector: 
Figure 3: The diagram for the cross-section normal vector at the corner  
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The normal vector of the target cross-section has been obtained, so the normal vector of the above cross-
section can be used as the initial orientation, then the four-tuple after the rotation transformation is multiplied 
by the separated points after transformation of the above cross-section, then the node value of the normal 
vector direction of the cross-section can be got; Finally, after the translation transform, the coordinate values 
of nodes in the node i on the cross section can be got. 
(2) There is only a single node at the central axis corner (shown in Figure 4), now the tunnel axis needs to 
be segmented into several independent straights and corners. Then increase the cross-section by the method 
similar to the interpolation at the corners, increasing the nodes on the 3D model of the storage tunnel, the 
effect of smooth corners can be achieved and the straights and corners can be spliced. First the cross-section 
can be created through interpolation, and then calculate its normal vector: 
Figure 4: diagram of bend rotation angle  
If there is an obvious turning at the pipe determined by the adjacent three points 1iO  ˈ iO ˈ 1iO   on the 
central axis, a tube bending needs to be created near the node iO . The separated point A on the right vector 
and the separated point B on the left vector of the node iO  need to be got to make the segment( iO ˈA)be 
straight and the segment (A, B)be bend, In which several cross-sections are obtained through the interpolation. 
The normal vectors of the cross-section in the straight part are in the vector direction of ( 1iO  ˈ iO ), in the 
transformation process, Only the center coordinates on the cross-section are in different locations. The start 
cross-section A and the termination cross-section B in the bend part are known, it is quite easy to obtain the 
angle AOB  between the two cross-sections. To make smooth at the corner, multiple cross-sections are needed 
to create between the cross section A and cross-section B. However, the cross-section can be built through the 
rotation of the axis Mul = DirA × DirB, the use of 4-tuple can be very convenient to obtain these cross 
sections, and then the cross-section A is used as the initial cross-section, the axis of rotation of the 4-tuple is 
set as Mul, the rotation angle is (0°ˈ AOB ), the proper angle of rotation is set according to the needs, several 
cross sections of the bend can be built , The triangles composed of corresponding points on the adjacent cross-
sections can render a smooth surface of the tunnel. 
Finally, we can splice the straight pipe and tube bending together through the translational cross-sections, 
and then the information of all point coordinates on the tunnel model can be obtained. Through 
triangularization of these points, the method of TIN is used to display the tunnel model. 
5. Joint modeling of tunnel and geological body 
5.1. Joint modeling of tunnel and the geometry model of geological body  
Based on the 3D geological geometry and properties of model, the tunnel excavation simulation has been 
carried out to be more accurately and comprehensively observe the subsurface geological information. In the 
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unity of the 3D coordinate frame, in order to realize the integration show of the tunnel project and geological 
model, one of the key step is to get the intersection of the 3D geological model and tunnel geometry model, 
then keep the geological body parts outside of tunnel geometry model; virtual flight of human-computer 
interaction can be made in the tunnel to allow users to inquire the geotechnical layer distribution along the 
tunnel according to their own wishes "WYSIWYG-- What You See Is What You Get "; to realize the effects 
of looking up, down, left, right through different angles; the use of prefabricated lighting, texture, material, 
atomization can render the effect to enhance the realism of the scene. The virtual tour in the tunnel can be 
simulated in tunneling process of the 3D geological model, which has provided geological reference of 
dynamic 3D visualization for the design and construction of tunnel engineering. 
The joint modeling of 3D geological geometric model and the tunnel can be attributed to cross-cutting 
problems of space triangulation net. In the process of 3D geometric modeling, the triangulated irregular 
network (TIN) has been used to simulate the geological surface and the surface inside the tunnel, the cutting 
algorithm between irregular triangular mesh surfaces has been used to achieve the joint modeling of 
geological body geometric model and the tunnel, algorithm has been reused to determine the geological body 
of points in the tunnel model, then the information of geological layer is attached to the tunnel model, finally 
the tunnel geometric model with attached geological information can be obtained. 
At present, the algorithms of triangulation cutting technology are as follows: the function 
TSURF_Cut_by_Scissors achieved by the gOcad project team, ray tracing program PoVRay3, Coelho, (1999), 
the algorithm put forward and realized by Shostko (1999), and so on. The cutting algorithm between the 
irregular triangular mesh surfaces is the method to determine the positional relationship between the two space 
surfaces and calculate the new surface formed after cutting by determining the intersection line of the surface, 
and re-triangulation of the cross regions.  The cutting diagram of triangulated irregular network is shown in 
Figure 5 as follows, in which, the dark surface refers to the cut surface, the light-coloured surface refers to the 
cutting surface; the cut surface is divided into two, and the part below the cutting surface has been retained. 

(a) Two triangular networks before cutting    (b) the calculation of the intersection line  (c) Re-triangulation of the two triangular networks 
Figure 5: Cutting process of triangulation mesh 
5.2. Joint modeling of the tunnel and geological model of property 
While joint modeling of the tunnel and geological model of the property , the key is to get the property of 
geological body on the surface in the tunnel, then remove the property of the geological body occupied in the 
tunnel space, and jointly show the values, which is shown in Figure 6. 
Figure 6: Joint modeling of the tunnel and geological model of property 
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Geological model of property belongs to regular datasets; the display technology of the tunnel regular 
datasets- based can be divided into intersection-tunnel-display method and interpolation-tunnel-display 
method. The intersection-tunnel-display method needs to determine the intersections of ridge lines of the vexel 
and tunnels and its field values, and sort the intersections, then get the sequence with value of vertices of the 
polygon so as to get the data of the tunnel, finally the scan line method or other method will be used to display 
it. The interpolation-tunnel-display method is to calculate the polygon generated by the tunnel and the 
bounding box of the 3D volume data, and the corresponding texture image of the polygon, finally the texture 
mapping technology has been used to display the tunnel 
Both methods have their advantages and disadvantages. The display algorithm based on the intersection of 
the tunnel has to test much more vexels and save the generated data of the polygon, consumption of time and 
space is bigger, but the generated image quality is quite good. Therefore, this method is suitable for the small 
amount of volume data, larger space between the outlets of the volume data grid and larger display area; the 
display algorithm based on the interpolation of the tunnel has the following features: the smaller space 
consumption, faster speed, easy to achieve, but the accuracy is less than the former. 
6. Conclusions 
3D geological modeling must firstly carry out the multi-source data generalization and data fusion, then 
carry out the geometric modeling of the tunnel and geological body and modeling of joint properties, only in 
this way can a complete 3D modeling of the tunnel project can be formed. 3D geological modeling of the 
tunnel project ultimately must be applied into practice. 
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